background: It is plausible that a couple's ability to achieve the desired number of children is limited by biological fertility, especially if childbearing is postponed. Family size has declined and semen quality may have deteriorated in much of Europe, although studies have found an increase rather than a decrease in couple fertility.
Introduction
The decline in 'demographic fertility'-the number of children per 1000 women of reproductive age-in many parts of Europe is a topic that has given rise to considerable concern (Lutz et al., 2003) . While family size is largely influenced by socioeconomic factors and parental choice, an important question remains as to whether decline in biological fertility may also have played some part in the observed drop in family size. It has previously been argued that this may be the case (Jensen et al., 2002) , and now a recent Danish study has found that fertility among younger cohorts was largely unchanged but this was due to a higher and increasing use of infertility treatment . These findings are in line with a simulation study of the effects on family size of a fall in biological fertility and of postponement of age at initiation of pregnancy attempts (Leridon and Slama, 2008) .
Reduced sperm concentration could contribute to impairment of biological fertility. There has been a great deal of interest and concern about possible deterioration of the health of the male reproductive system (Carlsen et al., 1992) , and young Scandinavian men have poor semen quality, especially in Denmark and Norway (Jørgensen et al., 2006) . A prospective study that related semen quality to time to pregnancy (TTP) found decreasing TTP with increasing semen concentration up to 40 million/ml (Bonde et al., 1998) . Interestingly, the observed decline in semen quality has increased the proportion of the male population with sperm concentration at or below this level (Carlsen et al., 1992) .
Despite this, however, studies of TTP trends have tended to show increasing rather than decreasing biological fertility (Joffe, 1996; Jensen et al., 2005; Scheike et al., 2008) . This is compatible with the calculation that the observed declines in semen quality would have a rather small impact on TTP (Slama et al., 2004) , so that a relatively small counteracting force could explain the apparent discrepancy. The relationship between demographic fertility (achieved family size) and biological fertility (how easily a couple can conceive) is therefore complex, and requires further research.
Aside from trends, a biological restriction on family size is plausible, and might be expected to particularly affect couples whose attempt to start a family is delayed until the woman is well into her 30 s. It could also be affected by other characteristics such as maternal smoking and educational level. This paper set out to investigate the hypothesis that family size is predicted by couple fertility, as measured by TTP or alternatively by the occurrence of a birth conceived after a self-reported contraceptive failure.
Materials and Methods

Data
We analysed four existing high-quality European datasets that contained information on TTP and contraceptive failures, and on final or near-final family size, plus information on relevant covariates: maternal age at the start of unprotected intercourse before the first pregnancy (the 'starting time'), and maternal smoking. These were the Odense Prenatal Study (OPS) (Jensen et al., 2000) , the European Multicentre Study (EMS) (Karmaus and Juul, 1999) , the Danish Twin Study (DTS) and National Child Development Survey (NCDS) (Joffe and Barnes, 2000) (Table I) . In each case, TTP was assessed using the question, 'How many months or years did it take you to become pregnant?' or similar; 'accidental' pregnancies (AP) were assessed by asking whether a particular conception resulted from a contraceptive failure. Each of the datasets was approved by the appropriate ethics committee.
Only DTS contained the true final family size, NCDS having family size at maternal age of 41 years, with information in EMS and OPS being at a minimum (median) of 38 (41) and 40 (43) years, respectively. The smoking variable referred to the time period before first conception in EMS and NCDS, but in OPS and DTS it was only available during pregnancy. In addition, maternal educational level was available for EMS, DTS and NCDS but not OPS. All information was obtained from interviews with the female partner. The available datasets did not have information on desired family size, apart from NCDS which asked women at age 31 years how many more children they intended to have. It is possible that the same couple is represented in different data bases, therefore there could be double counting in the pooled analysis, and some duplication in the dataset-specific analyses. However, we consider that very few couples are represented more than once, since the datasets were collected in different age and time periods, and geographical areas.
Statistical analysis
Information on biological fertility is only available if a couple have had at least one child. The outcome variable was thus a three-level ordered category indicating total number of children (1, 2 or .2). The explanatory variable representing biological fertility was either a TTP value or a report that the pregnancy followed a contraceptive failure, signifying an AP. Pregnancies that ended in induced abortion were not included. This fertility variable was grouped either as TTP F (full), with six categories representing 0, 1, 2-4, 5-11 or 12+ months, or AP; TTP R (restricted), with three categories representing 0-11 or 12+ months, or AP; or TTP D (dichotomy), with two categories representing AP and 0-11 months together, or 12+ months. Other covariates were maternal age grouped as 16-19, 20-24, 25-29, 30+ years (there were too few values in the age group 35+ to allow a separate analysis), and maternal smoking.
Models were fitted for each dataset separately, and for a pooled dataset, and included one of the TTP variables plus maternal age. The Akaike Information Criterion (AIC) was used to decide which model gave the best trade-off between good fit and parsimony, i.e. which TTP variable should be used, whether smoking should be included, and whether an interaction term of TTP and maternal age should be included. Additional models were examined that included maternal educational level for the datasets where this was available. The pooled analysis was also adjusted for study.
The analysis was carried out using the cumulative logit model for ordinal data, which models the cumulative odds of being in category k or lower as a function of covariates. Likelihood ratio tests indicated that it was necessary to assume non-proportional odds across categories. That is, the effects of all covariates (except study in the pooled analysis) on the odds ratios of having one child versus at least two children were not assumed to be the same as the odds ratios of having one or two versus more than two children.
A parallel logistic regression analysis investigating the effect of biological fertility on the risk of not achieving one's desired family size was also carried out for the NCDS data. A binary outcome was defined indicating whether or not desired family size (as stated by mother at age 31 years) had been achieved by age 41 years. The same covariates as before (TTP, maternal age and smoking) were included, and the AIC used to select the best model.
Results
In each dataset, the observed proportion of couples having at least two children was lower for couples whose first pregnancy had a TTP value of at least 12 months compared with couples with short TTP (0 or 1 months), across all age categories apart from 16 to 19 years ( Fig. 1) . Below a value of 12 months, TTP had little impact on the observed proportions having a subsequent child, i.e. similar proportions were seen for 0/1, 2 -5 or 6-11 months in most cases, with some instability apparent in the 30+ age group. There was also no consistent pattern in relation to APs. The pattern of findings was generally consistent across the four datasets.
The models with the lowest AIC scores, indicating the best tradeoff between explanatory power and parsimony, all contained maternal smoking in addition to a TTP variable and maternal age. TTP R was the TTP variable selected by AIC for NCDS and for the pooled analysis. Slightly lower AIC were obtained for the dichotomous TTP D variable for the other studies, but all results reported here are based on TTP R for consistency. A TTP/age interaction term was also selected in the pooled analysis by the AIC. Table II shows the odds ratios of (i) not having a second child, given one previous child, and (ii) not having a third child, given two previous children. For couples whose first pregnancy took at least 12 months to conceive, the risk of not having a second child was significantly increased in each of the four datasets, with odds ratios approximately 1.8 (somewhat higher for DTS). The risk of not having a third child was also increased, with an odds ratio of approximately 1.6. The findings for the couples whose first pregnancy was an AP were inconsistent, and mainly non-significant.
A consistent age pattern was also found (Table II) : couples whose first attempt at conception was at an earlier age had a lower risk of not having subsequent children. Again the pattern was stronger for the second than for the third child. Smokers tended to have a higher risk of not having a subsequent child. Inclusion of mother's educational level in models for EMS, DTS and NCDS did not affect the coefficients of the other variables (data not shown). Figure 2 shows the results of the pooled analysis. As expected, the risk of not having a second child rises with increasing age at first starting time, as does the risk of not having a third child. In all age groups apart from 16 to 19 years, couples with a TTP value of 12 or more 1972-1987 1991-1993 1998-1999 1991 Year of birth 1972-1987 1963-1993 1949-1997 1974-1991 *The drop in numbers between Number in dataset and Number eligible for analysis in OPS and EMS is because not all women met the age criterion ('Age at which family size was ascertained'). **The starting time is the month/year when unprotected intercourse began, either the beginning of the TTP interval, or for accidental pregnancies, the time of conception. ***Only for EMS and NCDS does the maternal smoking variable in the questionnaire refer to the time period before conception; in the others it refers to during pregnancy. months for their first child had an increased risk of not having a second child: in each case the odds ratios were approximately double the value for those whose first pregnancy had a TTP value of 0-11 months in the same age group. A similar pattern was seen for the risk of not having a third child. Although the relative change is similar in each age group, this represents a larger absolute increase at higher ages, because the baseline risk increases with age. There was no consistent relationship for the couples who reported APs. If the !12 month group was split either at 18 or 24 months, the most subfertile category tended to have a higher odds ratio than the next most subfertile one, but in general they were not significantly different because of small numbers in the most subfertile group (data available on request). We also addressed the question of what effect our findings are predicted to have on achieved family size. We assumed a hypothetical population whose distribution of desired family sizes was based on that in Leridon and Slama (2008) . The baseline category (women aged 20 -24 years at the starting time before first birth, and with a first TTP of 0-11 months) was assumed to achieve their desired family size (mean 2.02 children), and we applied the odds ratios estimated from the pooled analysis to the other age groups and fertility categories to predict their achieved family size compared with this baseline. The results are shown in Fig. 3 , and a full explanation is given in the appendix. The effects of age and of subfertility are clearly visible; couples with a TTP of !12 months are predicted to have approximately 0.2 fewer children on average than those in the same maternal age group when the TTP was 0-11 months.
In the NCDS dataset a marked trend in the odds ratio for not achieving one's desired family size across the age categories was seen (Table III) ; couples with starting times at age 30 years or more having a 9-fold risk compared with the 20-24 age group and 13-fold risk compared with the 16-19 age group. There was also a trend across the TTP categories: those whose first child took at least 12 months to conceive had a more than 2-fold risk of not achieving their desired family size compared with those whose TTP was 0-1 months, after adjusting for age. There was a substantial amount of missing data-640/3370 (19%) of respondents-excluded from this analysis. However, a sensitivity analysis that repeated the main analysis with all of the missing values assigned either to the category 'intends more children', or alternatively 'does not intend more children', showed a similar pattern (available on request).
Discussion
Statement of principal findings
Our results indicated that couples who took at least 12 months to conceive their first child were less likely to have subsequent children. The findings were consistent across four different datasets, and showed plausible relationships of number of children with the mother's age at the time when unprotected intercourse began that led to the first child. Milder impairment of biological fertility, as assessed by a TTP in the range 6-11 months, appeared to have little or no effect, possibly because the 12-month point represents an approximate criterion that separates 'normal' and 'subfertile' subpopulations. In addition, couples who reported their first child as having been conceived as a result of a contraceptive failure did not have consistent alteration of their risk of not having a second or subsequent child, compared with the baseline group, even though these tend to occur in couples with higher underlying biological fertility (Key et al., 2009) .
Contrary to our expectations, apparently biological limitation on family size was not confined to the older age categories but was present across the entire age range except 16-19 years. The implication is that for any couple whose first attempt at conception started when the woman was at least 20 years old, their final family size is limited by biological factors if they took at least 12 months to conceive.
It is not possible to state conclusively that the observed associations are due exclusively to biological factors. The experience of having taken 12 months or more to conceive may have affected the parents' decision about their future reproductive intentions. This is especially true if the delay in conception was associated with miscarriage and/or obstetrical complications. Such experiences could also affect couple stability, which has implications for future child-bearing; unfortunately we could not investigate this possibility directly as the datasets do not contain information on whether couples separate or not. A third possibility is that pregnancies with long TTPs tend often to be associated with assisted reproduction treatment, which is itself stressful. Although the number of such pregnancies is not known, this was probably not a major feature in these datasets, as most of the pregnancies occurred during a period when IVF and other assisted reproduction technologies were less widely used.
Strengths and weaknesses of the study
The findings were broadly consistent across the four datasets, despite subtle differences in study design and different locations. However, the analyses were limited by the quality of the available data. Although the validity of retrospectively reported TTP has been found to be satisfactory at the group level (Baird et al., 1991; Zielhuis et al., 1992; Joffe et al., 1993 Joffe et al., , 1995 , only one of our studies (DTS) contained information on truly final family size. The others included information on family size only up to the age of approximately 40 years, and while this is not strictly the end of the woman's potential reproductive life, it is expected to include around 97% of all children during the historical time period covered by these datasets (1958 -1993) (Office for National Statistics). We therefore consider the information sufficiently close to being complete as not to affect the validity of our findings.
Ideally it would be desirable to have a richer set of covariates that relate to the circumstances surrounding the conception. However, such information could not be collected retrospectively given that the woman must be (nearly) old enough to have completed her family, and long-term recall of that level of detail is far from reliable. A longitudinal study such as NCDS is a possible solution. If the data were available that made it possible to restrict analyses to women who had the same partner for all her children, and who did not make use of assisted reproductive technology, it is likely that more precise estimates could be obtained; however, we have no reason to believe that failure to adjust for such factors would systematically bias our findings. The findings on desired family size should be regarded as suggestive only, since they are based solely on one dataset. In addition, we were not able to assess this in women who had not had at least one child at age 31 years when the information was collected, and it is possible that this has introduced a degree of bias. In particular, once a couple has experienced difficulty in conceiving they may tend to adjust downwards their desired family size.
Relationship to previous studies
As far as we are aware, this is the first report of the relationship of biological fertility to achieved family size. The findings appear to be compatible with the calculations of Leridon and Slama (2008) , but more detailed investigation would be needed to quantify this further. Corroboration by further research is needed. The modelling of achieved family size shown in Fig. 3 is remarkably similar to that found for the Nordic countries by Andersson et al. (2008) .
Questions for future research
Ideally, it would be desirable to have additional information, particularly on desired family size, as use of final family size as an outcome assumes that (an) additional child(ren) is/are desired. In addition, couples who have an intense desire for a large family may start their reproductive career earlier than those who do not, as well as tending to have more children, thus introducing a confounding effect into the relationship of age at first starting time and final family size. More generally, TTP studies are needed that have richer information on behavioural and motivational factors , as well as including information on medical treatment for subfertility. Only one dataset was available to us that included information on the desired family size; the findings suggested a 2-fold risk of not being able to achieve this for the least biologically fertile group, and in this analysis the couples of intermediate fertility did also appear to be affected, with a 'dose-response' relationship being observed.
Conclusion
Couples who are subfertile, as indicated by the time taken to conceive their first child, tend to have fewer children, and are probably less able to achieve their desired family size. This effect is seen not only in the older age groups, but even in couples who start trying to have a family in their early 20 s. Since the absolute risk of family size being apparently limited by biological factors increases with age, this reinforces the message that delaying childbearing attempts until a late maternal age may result in inability to have as many children as one wants.
In other words, compared with 23.3% of couples who desire 3 children in our hypothetical population, only (1 -0.916) * 100% = 8.4% of couples in this group actually achieve 3 children. Likewise, compared with 55.1% of couples who desire 2 children, only (0.916-0.544) * 100% = 37.2% actually achieve 2 children. The remaining 54.4% of couples achieve 1 child, compared with 21.6% who desired only 1 child. This gives a mean final family size in this group of 0.544 * 1 + 0.372 * 2 + 0.084 * 3 = 1.54 children, compared with the mean desired family size of 2.02 children.
Confidence intervals for the mean final family size are calculated in a similar way, substituting the lower or upper confidence limit for the relevant odds ratio from Fig. 2 as appropriate.
